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Jl SCL'a:r.J".E TEM!': 

;hyaical clt:'a-/.:ioe a f senlcoaaaat or wafers having 
a polyimide 

t: •■i'Xijaae an e:'::a-E'd profile 'jr step coverage 
c \'er : -j i ac'rc/ , 

la V- ry t' f i O-cl t , -iici':! ^'ields typically po^ar results. 
T ie polyimide 

lI-ios ri'.-t ljrea.< ciea.aJ.y, out rMrmally pulls and curls 
a'.''5iy f L L tn-E- 

:: 1 •;-a\-e':i ecige, preva-r/t ir.g Inspection of the desired 
fe^tur'-s. Ine 

f .a 1 wi n cla avage t. e I'hr. i'^ue ellmin.atea these problems 
since it -a'.'es 

n-: t re'auii'e lireakin-j ~jt the wafers. The prc-cedure is 
rierfonae;^ as 

t-:- .\ :w^;: \. Tne v. infers whi :;h have tne d-z^sired 

feitur-s Of- 

i.nsf'- laed, e.g., co'/eiaae of polyimide ever topograciny 
c r an -^tvvned 

vi r n:d.e |-' f*:* f i 1 e , aae c:oated vith a pof-jtor-z-a i s t layer 
'A'hosc; : h . : ane^ a 

is ao:-ut tne same a.- tne polyimide thickness. Tnis 
step f . 1 is in all 

etchea. via h':les an^;; p'lanarizes the wafer surface. The 
p hc'tor as 1st 

rs baked at about 1:J C. 2. 

The ph'Ctc resist surface is etched in a 
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h'arrel p'lasma system using oxygen for about 5 minutes. 
This .rteji' was 

1 ;un':i tc b^i essential for prc^per adnesi'^n of the metal 
whioh will ce 

d';-pocited ;\ext. 3. Oepjsit. at'C^ut 50 01 A ot m>:;tal, 
alumirium or 

aluminum/ ::opi:>er, without 

.-E uhE 1 1 a^e 

neat. 4. l^ja*: tne me: a I-C'jve red 3Ji-fa::e wd. t h another 
f'h'.-t ji'esi s ■: 

l^jyer, aoo..t 10, OO: A tni-:<. Preoake tr.e p-Ldor.?3ist 
an*:: z^rez^are for 

e>:r':'SU.r'E . 5. H'xiJC'se a oao':iE:i:T, a' i_ : n n ..rie r'0'...s lines 

(su::h as a 

ni-t a 1 - ve 1 ciatiern) in tne zo]j ;j".o: Cii es nst lay-jr, then 
oevel and 

wet-et':n tne meia.l. , leaving a. large: numjjer of metal 
lines on : he 
w..der. 

S:oh rnrjjgn one p-hC'toresist and polyimide not 

L j\'-z-l OO 

oy zr.o metal Lines using a reactive i jn etcn (FdE) with 
L'Xy ^en ras . 

T n i s .? t w ill s. e w e r t h e polyimide v o r t i ■:; a 1 1 y , 

r-E;n:Tii 1 1 in r i nsfT'e'iitd.'jn 

jt tne t L'pi'tg rapmy wnen the pnoto r-E-s i s t .;!nd ni'ttal are 
1 a: e r r-em jved . 

Tr.e angler lying film is cd 3 sma.-'r!r.na.n ::e :i nc r i v::; , -yhich 

i r. :h'i' r.lF. usi.ng (trd . It ii inrj^j ro a.: t :o :\otc that 
^ p'-- r t r. e C 2 

plasma n^tr the Cv4 p'lasma will cr.0K[i-2b.l\ attacn (etch) 
the met 5 1 ; 

t.nus she adundnum server- as a ptETtect n'jnerC'i:;ab le etch 

II. a ■■■'<. It. 1:5 

im^V' r :.,nnt tnat tne cathc'de vtltage c>n tne RIH: be kept 
1 Dv; daring the 

etching r-r^'cet-s -- ab'tut -150 volts 'tr less; otnerwise, 
p.hys leal 

ST'Ut taring of the metal will take pdate and C'bsisure the 
f inal' 

results. 7. After the etching is d'jne, it is 

nei:essai:y to r-E-mc've 

the meoal and tne pdanarizing photoresist. 
Tnis is accompl i sheo. by 

first usinc an 02 plasma m a carrel reac:oa: ic^r 
se-'eral minutes to 
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remc've the CF4 hardened layer of the top surface of the 

P'h'jtc-re; ist . 

(This is not necessary if CF4 vas not used.} The 
P'h'i t'l r-E'S ist and 

n.e-ral are tnen reraoveci oy scaKin-;^ m hMh as m yicrria.. 
lift-off 

p rt'Ceou re . T'ne wafers are now ready for inspection. The 
teohn i que 

livf'jv Liaes vertical cleavage chrcnagn features whicn 
r -E-i; eat. t heinse I ves 

n>an'v' t imfE;s on a wafer and tnus have a very good chance 
r f being 

to incident with the large number of metal cleavage 
t-oof '5 Biva i L.db i.e . 

:: ECi.t"d T'l' : dse, copyi_ng and dist r i;jut i_on C'f this data is 
s ^ii' i oc: t't t he 

test i ct i tns in the Agreement For IBM TDB Database and 
.F;e 1. eti e'tim;:>ut.e r 

J a.: ric ase:: . dnciult L ished - all ri.ghts reserved under the 
'itityti^nt Laws t' f the 

tnited ;?tates. L'ontai_ns ct>nf ident la 1 commercial information 
o f 1 rM 'E:xemp>t 

frvr'i Ft'IA disohtsure per :■ U.S.C. 5 52(b;(4; and protected 

u.nt;et: the Trade 

-:tt trees Act, IB ^J.S.C, lu05. 

if'jEu'r.IGHT STATEMENT: The text of this article is 
r: tpy fight ed (c) IBM 

Ct'rp urat ion 1985'. All rights reserved. 
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rjS-PAT-NH: 5807787 

;>:':.r:-]ENT-IDE:r]TIF]EF,: us 5^ 077 8 7 A 

TITLT.: Meth'jd fc^r r'::du::inL: surface leakage current 
i em i cen :1 ::t j r 

i r: e r-:: r a : ed ■:; ii- ::'^it s duririL: i:)nl.7imide oa s s i va t : or; 



Ic r-'i I'-EM'i :: ■/^■..irs ^.jh ct. :!S':'nsi: i v^- polyimide has attracted 
:. j:'.s V ie r".f:ri L': irit-E r-E s: as 

r.e passivation ?jatir.-:T aver '.Yik^. bonding pads. These 
pn-: t ■"'SC'Tls i t i ve p^:- 1 y i :ni ;les 

t"..:iv- :he desi r 5il:d-i; or':'i:)e rt i es C)L" the more conventional 
]j I' ■ y : :n i :l':.-s , su ::n as ] ow 

:i i -fid • ■ ::t r i :■ :-'jns : a r.!: s , r-elatively high temperature stability 
( i. :;;>:.ur 

^ . cc-o^r-.-e . Z.], rd. :!.na r i 2: i no r^ope r t ies , ecc, but can 
a Is'i' be patt ern-z-d ] i -a- 

a P'T-'"': 'j f'^s is^. m^s.-:, :i.n :l tht'^n :-enain on tne substrate to 



passivation hayer 

T^sTTTbTTTor r 

7di t 5C L u r in',: : 
p£ -z rs: t~ i-= cc 
:n tne sur-strst 
r^'i : 1 ':■ r>i- :z : = z --pi 

^ be; t 'E-mr^e r<.; to 
r r 0;:.- k'E-::., is t 



Tni.^. latt;-:' r.ttrit'Ute is nighly 
■z c:j. i r.g 

is:. Ty;:d 'Cai I ■.■ phot o lens 1 1:. i ve polyimide 

e t<rdr.c, tor en..5.riplef ctin vent 1 ona 1 
n i r.c 

e ph t seni it ]c-'t' polyimide precursor^ after 



; ixrMVr.tio thr«ju<:fh a p'h'jto-mask or reticle 
a si no, fi.r example, .f; 

1 1 It' ami. retreat t n 1 c t it-n a l.i.gner and ultra violet (UV) 
rat: i .-i t i : :\ siit. rce . Tr.e 

dV e:-:f'tsed port ions id' tne polyimide precursor are 
:; r 1 s s 1 i r: ^; e d while la- a v i n 

unt-xf-t eil reoions i/vt!r tne bc'noi.ng pad; that are not 
on ss 1 i n oed . C)ur i no 

deve b:{:nient , tn^:' anexp-iseo polyimide precursor regions ovf-: 
the 1 I'no i ng p-ads 

are dissc'lved away provLciing ■up'f;;nings over tne bonding pad 
areas. Further 

thermal curing yields a permanerit polyimide passivation 
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lay-E;r whi el^ev/here 

Z'-ri z.he substt^a:^. A schematic cross ser; t: i o;.a 1 '/ir-v; a 
pjt::, ijn :!f tr. l.~ 

bonding pad it:a:tjrE aavin^ the passivation layers s 

•r :.■_> wn in E'Ij. S.ajwa 

a r-:- t'-^-o a:l]a::er:r b^jri'iling pad? 4 c jmp js-^cl :'f metal such as 
b 1 .;ninum ( AI ) j r a:\ 

5: 1 ..riiri i u:ii- jop-"'r ::.i.ijy yn a t. :)p i'^.s... ].a;..in layer 10 which 
jver? t-.e 

i ■Eciu.c jr. '1 J r i riC-Ecrr ate i .::ir::uit. I'r.e ::arita^ts tjetween the 

z:.-. irite-:; r.:i te-:i c:. rcait are not snowr. t'-;) simplify the 
:ir ?;viri-;i . Tne t i rs t 

passivation l^yer "2 is depjsited o\'er the b':)ndirLg pads and 
■:• jnta -jp'-iin i n-::s 6 

are ez :'-heo< i.r. tne insalatin;T layer A?' •.. j the b^nGing pads. 
'1 r.-' oh'jt js-nns 1 ■. i v-:- 

polyimide passivation lay-r 14 i.s t i n ^o: o - ooz\tec a o 

p i : :: rnec; :. :> o r' jv i 'le 

:L;i-rA.r-as I'-r-E'i' t.n-r; rijr.dinq p3.dE;, a e. e ;"(:)■■'■' in rAlA i. 



Iji-.e lE'n'j': r-:-s i .:■ : i:c' j-E'es 3 inc , wne^n th-;- polyimide is removed 
r tnc- ojrMiin^' 

p.E'iis ijy ois^:-\"i:n ivay tr.e ncn-c ros e 1 : n k'^^i polyimide , a 
polyimide r e s i : : a ;^ 

reriiiin:: rpEi" ■i^.jc r--s^lt in unwanted electric:al op'ens or 

i ■:: n c E'n r a :: : r-^ s i s r. ^ nee 
ii.rin^ testing a.n I'l^r wire bc^nding. Tvi'ic.ally a mild 
p 1 sm a a s hi i ■ p 1 :i s rn ~ 

El'ES :;ummi ng ) step i e-- p-erformed in an ox\-geri p'lasma to insure 
tnat the trace 

arti'j-nits -E-f thc: polyimide tesiciue ar(E ronoved. 
tely, til i.s tE'lasmEi 
an alS'-' efr-:?::t tns- tirst passivation layer making 



In tortur 
3snin^ c 



tO':: sjrf 
e; jricu r IE 1 
h L i:dEe r ,e 
l':'o,kage 



vity h-gn'E;r, and :hereoy re:n.]' inc: i:, 
r t300 

1 1 between t n^E 

iE-'E-nding p'ads 4. Ai semiC'E ndur:tC'r de';i':es ar(E' further 
t'EMEiuced in size ayy:. tne 

ci. r c'ui: derisity i.:r:- reased , it will h-eceme eve^n more 
imipcrtant z o mi'oirA} zo. 

lea<age curr-E-nts to maintain circuit p^^r f c rmance . Also, 
with farther mcr^Ease 

in circuit dtEns.lt y and .increasing I/O cc'unt on the chip the 
bonding pad pitchi 
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will further decrease;. Theref'jre, there is an increasing 
TME-d in the 

seniczindu ::i jr indjstrv to minimize the leakage currents on 
■: h'- integrate':! 



The metnc'd s:art3 by prjviding a semic: jndcctC'r su;:;strate on 
vh : ch a re a 1 ready 

tLC~med th-:! neceosai'y "li.?':;rete ^em i cond .:ct o r ciev i ■:;';'S , sjch 

-z field ef f -t 
r f.i-.ns i.st-jfs (FST's), nioolar ran e; i.: to r and - iml 1 .ir 
':or' d, :>E;.? . A :tiu L :. i la ye r j t' 

o,:. ! : -E: r nO':; ■;• E'^'i i ::: i r o lay^-rE:, -I'^cr. a:E dr'oed pc 1 y s id. i cc^n , 

i 1 i Ed 'Eieo a n e:. nie.z si 
v; i r n i nt -E' rC' E'S e e1 i as m 1 - 1 i ng lav-E-rs, ;Eucn as cnemi':;.E. I vapor 
<:::.op E'O i t e':i e i 1 l E:-E>n 

'Ex.Eiei., ar-e jsed :.C' e l.e-:: t r lea 1 ly interconnect th^; de^ic^E;, 
E^no tnei'-E-i^'y fO'rm :.he 

: nt. e-:r rat.'E-:; ::ir::ui:.. dhe namb-E-r L)f metal levE-ls can vary 
oepenElin'ir En the 

■E'irE'ui.: ':i-:'^d gn, Z' are : ^^d. c^i 1 1 ;y' bfE'tween abcut y oo 4 
layer:?. A z-zp 

: o:: a 1. i t in :i lEiyer, cErE:n a.E a S-lic:on oxide, i;E pr<:>vided with 
E:-E;'nt i e:: 'I'pen i n E)r 

v:a h'Ed.es Z tne ajE'p r "ip r i <:=. t^E; r-E^gi on:E of:' tnE: : nt 'E'<:j ra t ed 
'E- i r z' z. i z t J vn i E:h : h^:: 
_ r,.}"' ^ to'out si^nali ar::( on^E; p'E>W';r' and gi^'E^'ino pia:.>E' :Eon t.. o: s 
•vi I' z J O'T :t. Ei'Eie . An 

lE; I" 1" 5 y 'Ed e 1 e E*E rd. o El 1 - / 'E: jTir-U'E't ..ng je? o r. o i g jOE^a.E ar*E E.neEE 
t: EE lEThE* Ei O'v-i- r : ne o Emt ^ -. z 

LOE-Eningo : e- r^roivid^E : e>:t'E:rnia..i. 'vnrin'j cor.t.^ctE:: ror zhe 
.E ir.^l e C' IE :t. a 1 : i. - chip 

,E: ' td e r . 1 ^^'l:d E:a 1 1 y : ne bonciing r^ads are comiE'OStE-ci of 
,E I ..:ni n iam e r 

e;: h...nfd n iam ^ E'E-^E'tE'er allEr/s. Al a-; rnativel;/, alamin-^n /' sil icon 
I- i""' 

,E h ;::d nam/ E-r't'O r /a i J io "in a.l Ic-ya can alsc- be utili:::ed for 
r.akinEf the rending 

rada. A firaa passivation layer, typically a IC'V; 
:aE:m:E'e' ra tu r -E -E'xide, evo :n as a 

{Eh3=]Tia ennanE-ed CVC' 'E'xide, is deiE^jsited over the bonding 
IE ads and 'E-penings are 

faE'rmed in the first passivation hayer zc rhe bondina r-ads. 
A ma on thicker 

seC'jnd passivation layer, composed of a priczo^ens i *. i vo 
polyimide , is depc^sired 

by Spin C'E>ating a phc^tosens 1 1 1 ve polyimide precursor wnrcn 
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i? th-^n expj^od i^/ith 

ultra \^i:)le:. ■J\'; rajiati^n tnrough a rr^asl-: c rc^s s ^ : : i r: •::\-r 
polyimide . iha 

polyimide r'E:'j:.ons :)V^'r the bondinq pads a:";o over t r;>~- r^rst 
passivation v / i 

b-:-twe--ri :die n pa lis is masked from U''' exposure 

■ :'r :).?..d. i rik :.. r. ■i,j\ri ir_ 

cl i s::. J . :i --.v: \y . jn vent iona 1 plasma ashing :..n oxvi^en 

r' . 3.:A ) . ) t:i'jri 
;■:■:■>: f :> rn--; :i zo r-emj're erase amounts -jf polyimide residue from 
t. :".e ::i >n :l in :[ ri ad.: 

1 ;■[! : n :.:riv z i:v:r :vjr.t:a::-r eleotrical resistance. Th.;.s ashing, 
uc. f.:)r': unateiv, 

: j"vv:-:- asos th-v .oi..rfa::e ele:trisal cr^nduct i^^ it. y Dn vhe firsv 
passivation . y v r 

t":- tv/e^ri the t:V'ndir.g- :: ads and tnereby incre;a£;os the surface 
Jea-ra":^' cuirr-'-rr^v-; Ijy 

arou:. iiri ■jrci-'-r ■■: f i"; a :in 1 1 jd-;;: . 3y tVi;;: meoh^:d -t" rh v 
: irr-:irv. i ':r ; , ^: ul:',: r i re l 

tdi'ivri-'i ] 1 tr-:;Ve:l .m air v^r n ir roOf=v; amb]vV":t wore!, .reaucos 
t he L i'U'V. ': r cei'.x: 

i:d'::e *■ -r •..:'.•£; f'rcv/icus "/ a L a'V;s before r.he pias:ur .ish .ng. Thiis 
f r'j'.u-:l':!S a 

polyimide passivation i:^/^■^r v;ith im}:)roved (lowfar} surface 

lea-v^ ^e ■r.rT'-nv;- tlian 

t hr: :■■ ri-/e:\t ... ■n.:! ;.. f:rj.:ess l^^i.th■JUt the thermal trearment. 

I'ZG . .: 1 h .r-::l'ieniat 1 :r'")ss sectional view cf a pcircion of 
5: ^: /p ^ :.;<;i i bonding 

pad ar>i'<!i aepj :rM. ng tne e:-:|:><jsure of the phctt c sens 1 1 1 ve 
polyimide passivation 

Jay^r urcryr yr raGiatL;)n and mask. 

Vr^z':i c-orc..i nu-v :i dc-wn r;':: = 1....]:.(:t of th(r semi corc;iu(.; t. ;.)r devices 
'Zi :.me:c-. i r>; ir , * :\e c^e\' L 

t ■tr<"Lme t ic. c; or ec.i t irig |:3 i r< i.mf;? t er s , s\^cY. as \mi. arje and 
■:virrent , ace i-so i^eda v;:c, 

ancj 0 h'E'r'".' f rn:--'' , i.t ::.s ^'ery .:.mpcrtant; to mi ri im;. zt:^ the leakac^e 
c .ir rtEnvt s n * iie 

C-rcu.ct . In p^;: vc i ;::u.:..<.; r , or is important t.o maintain a low 
s ir T ac^e _ ea k. i ;e 

c .irrenr < 'U tc".-? suriat^r' .if vhe firsl: passivation layer 12 
t ■i-t\.'ee^n ' he .v:v acecv 

t jncrini;^ pads 1. H^rwever, m conventional prccessing after 
f ;.'rming vhe 1. eliding 

pad;-, a thic-; polyimide layer is typdcally used tc- 
pass i\'^i t;^^ the integrate(j 
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circuit from contamination and damage. A plasma ashing 
step is then required 

zo remc've rtE'Si:;ual polyimide over tne bonding pad that 
w o a L ■ i ■ J t h e r" v i s e d -E' g r a d e 

nl'.e 1 'I' c 1 r I c a 1 ccjf.tact during t'Esstrn^ and wire bonding. 
Atrni-ugh tne plasma 

Ei:;.nln^ impr'jver the ele:;trical '::'jntar,t it is also known to 
e : f e t h e e xp j s e :1 

passivation layer 12 oeiween the bonding pads 4 re^u]:s in 

excei s i ve sur f ace 

leaka;^'E' curE'enr.s oetween pads, as de;:!ict,ed m FIG. 1 oy the 
d'juljbE' headed E^rrnw 



As .rO'jwn in FIG. 2, the opaque pc'rci'iii 18 of the mask 19 
J 'e r che bonding pad 

Ei::<;5.^:S ;jrev*E'n^ :he UV radiation 2Z frc'm crosslinking the 
\z:\oz C'sens 1 1 i ve 

polyimide precursjr layer 14', and therefore, is dissolved 
Brvj.ay i.n the 

ile^/fEdop'Or while the crC'Sslinked regions 14 remains as the 
se^jnd passivation 

layer 14 on the substrate, as shown in FIG. 1. 
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